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Bazi Origanum Tiirlerinin Sekonder Metabolitleri ve Ugucu Yag Iceriklerinin
Karsilastirilmasi
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Abstract

Origanum genus is one of the most widely used herbs in folk medicine for its biological properties. This study was
performed to determine the morphological and phytochemical properties of five species of Origanum including
O. majorana, O. onites, O. syriacum, O. vulgare subsp. vulgare and O. vulgare subsp. hirtum as important
ethnomedicinal plants. The study was performed at a Research Farm based at Urmia University, Iran. The plants
were collected from various places for determining some quantitative properties, antioxidant compounds, and
essential contents. The results showed that the highest plant height (86.4 cm) was observed in O. vulgare subsp.
hirtum. The highest fresh weight and dry weight were observed in O. onites (826 and 250 g) and O. vulgare subsp.
hirtum (727.64 and 230 g) species in comparison to others, respectively. However, the highest essential oil,
essential oil yield per plant, and essential oil yield per ha were 5.26%, 1.71 g and 114 kg ha™%, respectively, which
was observed in O. vulgare subsp. hirtum species. The quantitative analysis revealed higher content of total phenol
(51.12%), flavonoid (6.93%), 2, 2-diphenyl-1-picrylhydrazyl (DPPH), (54.29%), superoxide (50.04%) and radical
scavenging activities in O. vulgare subsp. hirtum species, but the O. onites species showed higher (21.60%) nitric
oxide radical scavenging activities compared to other species. The essential oil analysis revealed that the thymol
(6.90-59.89%), carvacrol (0.83-48.91%), y-terpinene (6.55-18.20%), p-cymene (0.50-20.94%) and a-terpinene
(2.71-4.28%) were the most prominent compounds in the studied species of the genus Origanum. Cluster analysis
showed two main categories and high similarity between O. onites and O. vulgare subsp. hirtum. The findings of
the current research indicate that O. vulgare subsp. hirtum was the best species in terms of phytochemical
properties.
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Origanum cinsi, biyolojik 6zelliklerinden dolay1 geleneksel tipta en ¢ok kullanilan sifali bitkilerden biridir. Bu
¢aligma, bes Origanum tiiriniin, O. majorana, O. onites, O. Syriacum, O. vulgare subsp. vulgare ve O. vulgare
subsp hirtum morfolojik ve fitokimyasal &zelliklerini belirlemeyi amaglamaktadir. Caligma, fran Urmiye
Universitesi aragtirma alaninda yiiriitiilmiistiir. Bitkiler bazi kantitatif 6zellikleri, antioksidan bilesikleri ve ugucu
yag igeriklerini belirlemek i¢in ¢esitli yerlerden toplanmistir. Sonuglara gore en yiiksek bitki boyu (86.4 cm) O.
vulgare subsp. hirtum g6zlenmistir. En yiiksek taze bitki agirhigi ve kuru agirligi diger tiirler ile karsilagtirildiginda
O. onites (826 ve 250 g) ve O. vulgare subsp. hirtum (727.64 ve 230 g) tiirlerinde goriilmiistiir. Fakat en yiiksek
ugucu yag, bitki basina ugucu yag verimi ve hektar basina ugucu yag verimi sirastyla %5.26, 1.71 g ve 114 kg/ha
ile O. vulgare subsp hirtum tiiriinde gézlenmistir. Kantitatif analiz sonuglarina gore; en yiiksek toplam fenol igerigi
(%51.12), flavonoid (%6.93), 2, 2-difenil-1-pikrilhidrazil (DPPH), (%54.29), siiperoksit (%50.04) icerigi ve
radikal yakalama aktiviteleri O. wvulgare subsp. hirtum’da ortaya konmustur, ancak diger tiirlerle
karsilastirildiginda, O. onites daha yiiksek (%21.60) nitrik oksit radikali yakalama aktiviteleri gostermistir. Ugucu
yag analizleri, Origanum cinsinin incelenen tiirlerinde, timol (%6.90-59.89), karvakrol (%0.83-48.91), y-terpinen
(%6.18-55.20), p-simen (%94 0.50-0.20) ve a-terpinenin (%2.71-) temel bilesenler oldugunu gostermistir. Kiime
analizi, O. onites ve O. vulgare subsp hirtum arasinda iki ana kategori ve yliksek benzerlik gostermektedir. Bu
aragtirmanin bulgularina gore fitokimyasal 6zellikler a¢isindan O. vulgare subsp hirtum’un en iyi tiir oldugu
belirlenmistir.

Anahtar Kelimeler: Mercankdsk; Fitokimyasallar; Sekonder Metabolitler; Timol
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1. Introduction

Medicinal plants are sources of various secondary metabolites with high pharmaceutical activities (Pandey et
al., 2019; Mirzapour et al., 2022; Rahimi et al., 2022; Faridvand et al., 2021; Salvo et al., 2018). Secondary
metabolites have high added value depending on their production and supply. The value of raw medicinal herbs
and their products is significantly growing in the world markets (Pezzani et al., 2017; Tripathy et al., 2017; Rahimi
et al., 2022), with ever increase in their demand and selling (Bhardwaj et al., 2019; Ramakrishna et al., 2019)
which emphasis on replacing chemically produced medicines with natural medicines (Duleti¢-Lausevi¢ et al.,
2018; Morshedloo et al., 2018; Aktepe et al., 2019). Many flowering and aromatic plant species in the Lamiaceae
family, that are distributed worldwide, are mainly cultivated for their fragrant leaves and attractive flowers (Amiri
et al., 2018; Méabed et al., 2018; Moghrovyan et al., 2019; Pandey et al., 2019; Raudone et al., 2018). The species
in the genus are highly valued due to the presence of aromatic compounds present in the external glandular
structures that produce volatile oils (Ramakrishna et al., 2019; Spyridopoulou et al 2019). These species are widely
utilized as pharmaceutical and flavoring herbs around the world and include biologically active elements such as
phenolic glucosides, flavonoids, resins, tannins, terpenoids, and sterols (Pezzani et al., 2017; Tripathy et al., 2017).
According to Salvo et al. (2018) and Ramakrishna et al. (2019), carvacrol in Origanum essential oil presumably
interacts with the release and/or production of inflammatory mediator molecules including prostanoid, hence
improving the process of healing stomach ulcers.

Some researchers have demonstrated that oregano essential oil has antioxidant, antibacterial, antifungal, and
antimicrobial effects, as well as the ability to treat gastrointestinal ailments (Elshamy et al., 2018; Mirzapour et
al., 2022; Marrelli et al., 2018). This explains why such crops are highly sourced by the nourishment, cosmetic,
pharmaceutical, and medical industries (Spyridopoulou et al., 2019). These species are also used for seasonings,
flavor-enhancing, and increasing the shelf life of foods (Bhardwaj et al., 2019; Koleva et al., 2018) making them
very popular in the ethnomedicinal culture of the Middle East including Tiirkiye (Oke-Altuntas et al., 2018). These
plant species are adapted to diverse climates and are frequently utilized in the cosmetics and pharmaceutical
industries due to their very diverse aromatic constituents. Medicinal properties of such species are often ascribed
to the presence of high contents of volatile compounds. O. vulgare, O. majorana, O. onites, O. syriacum are the
most plentiful among the genus Origanum (Salvo et al., 2018; Kaplan et al., 2019).

It is possible the pharmaceutical properties and antioxidant effects of different Origanum plant species differ
from one another (Hassan et al., 2020). Therefore, it is important to explore the detailed phytochemical properties
of these plant species for wider utilization. This will encourage their widescale extensive cultivation. Therefore,
this study’s key objective was to evaluate the secondary metabolites and morphological properties of five
Origanum species cultivated in Urmia and to encourage their wide range of commercial products based on
scientific standards.

2. Materials and Methods
2.1. Study Area

The study was executed in a Research farm based in the Plant Production and Genetics Department, Urmia
University, Iran, during the crop years of 2016-2017. It was carried out in randomized blocks, and replicated thrice.
The climate data of the research location (Urmia University, Iran), as well as soil analysis results from the site, were
recorded. The plant nursery of five Origanum species (O. onites, O.majorana, O.syriacum, O. vulgare subsp. vulgare
and O. vulgare subsp. hirtum (Figure 1) was conducted in a greenhouse. The seeds were planted in wrapped 1-liter
plastic pots with equally distributed peat moss, sand, and soil. The pots were regularly watered based on greenhouse
situations and the phase of plant growth. Once the seed germinated to form nursery seedlings, they were transplanted
to the experimental fields in autumn. The experimental ground was plowed at a proper moisture condition of 70-75%
using sentek soil moisture probes (capacity of the field) and smoothed. Phosphorus and potassium fertilizers were
added before seeding, following the recommendations of the soil analysis report, and furrowed in 50 cm rows.
According to the recommendations in the soil analysis report, nitrogen fertilizer was used during the planting and
vegetative phases. Watering was carried out at 60% moisture content in the upper (0-30 cm) soil layer. Harvesting of
leaves was done at 50% flowering in the second year two times. The harvested plant leaves were dehydrated at room
temperature until they attained a constant 8-10% moisture level by weight.
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Figure 1. Five species of Origanum. O. vulgare subsp. hirtum, a) O. majorana, b) O. onites, ¢) O. syriacum,
d) O. vulgare subsp. Vulgare, €) at different stages of growth under field condition

2.1. Soil Physiochemical Characteristics

The climatic parameters of the research region and the physicochemical parameters of the five soils
investigated (Table 1). The soil pH, was classified as neutral (with a range of 6.5 - 7.5). Due to low EC (less than
2 dS m), this soil could not be classified as alkaline. The soil had relatively a loamy texture with high organic
carbon (1.15%). These conditions are appropriate for the growing of Origanum species. Based on soil nutrient
analyses, there was no need of fertilizer application to the soil (K and P concentrations were more than 60 and 15
mg kg, respectively). Both organic and inorganic fertilizers are utilized in excess, particularly in Iran, which
exceeds the recommended doses (Heydarzadeh et al., 2021a, b). This results in an accumulation of inorganic and
organic elements in the soil that eventually degrade with time (Heydarzadeh et al., 2022; Mwadalu et al., 2022;
Mirzapour et al., 2022; Amiri et al., 2018).

2.2. Soil Analysis

Five soil samples of studied experimental areas were congregated at random from 0-30 cm deep soil in the
experimental fields during autumn using a stainless-steel auger (Table 2). The samples were scrupulously mixed and
air-dried at a temperature of 25 °C. This sample was ground and filtered to pass via a two-mm sieve for lab analysis
following the methods described by Raudone et al. (2018). Soil electrical conductivity and (EC) pH were evaluated
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using 1 soil: 5 water (w/v) ratio with a pH meter (specifically the model of the meter was inolab® pH 7110) and a glass
electrode (model 712 conductometer) respectively. Organic matter was measured according to organic matter oxidation
using HxSO4 and K>Cr207 then titrating with FeSO4. The soil-available phosphorus (P) is the main indicator for
determining soil-plant availability (Mirriam et al., 2022). Briefly, in a 50 ml extraction bottle, 20 ml of NaHCO3
(containing 0.5 mol I*at a pH of 8.51) and a gram of air-dried soil sample were combined, and the bottles were
mechanically shaken for 30 minutes. This was followed by filtration, then P was evaluated by spectrophotometer using
the colorimetric technique with ascorbic acid at 820 nm. Available K was assessed using 1 M C:H/NO.. The
hydrometer method was used to measure particle size distribution (Amiri et al., 2018).

Table 1. Outdoor climatic data of the experiment area*

Month Year Average_ rglative Average monthly Mf)n_thly
humidity temperature precipitation
January 2016 63.2 -1.1 59.0
2017 45.7 -4.4 4.4
February 2016 63.1 4 11.0
2017 65.4 -4.2 39
March 2016 60.1 7.2 31.3
2017 54.8 6.3 20.4
April 2016 54.7 12.3 57.9
2017 56 11.6 59.9
May 2016 57.3 16.6 42.8
2017 52 17.6 11.9
June 2016 51.4 20.6 28.7
2017 47.3 22.7 0
July 2016 42.1 24.4 55
2017 40.7 26.3 0.1
August 2016 50.1 24.6 0
2017 52.4 25.2 0.6
2016 62 185 0
September 2017 63 21.1 0
2016 73.1 11.5 16
October 2017 69.4 12.6 1.8
November 2016 70.6 4 12.2
2017 73 6.3 38.4
December 2016 50.7 -2.6 65.6
2017 48.3 1.7 6.8

*Urmia Meteorology Organization, Urmia, Iran

Table 2. Mean physiochemical characteristics of the studied experimental areas

pH EC OoC Olsen-P  Available -K  CaCOs Sand Silt Clay
(ds m™) (%) (mg kg™) (mg kg™) (%) (%) (%) (%)
7.33 0.07 1.15 37.61 165 9.1 45 32 23

2.3. Plant Analysis

For extract preparation, the leaves of Origanum species were harvested from the experimental field ensued by
chopping and drying at (23 °C) and thereafter after powdering. The extraction solvent was methanol. The extraction
process involved adding 2 grams of the soil sample into 25 mL of the solvent which was then mixed at low rpm for
180 minutes. Thereafter, the extract was sieved via a Whatman filter paper sourced from Whatman Ltd., England. A
magnetic stirring was used during different steps of the extraction. Sample solutions were concealed with aluminum
foil to avoid exposing the sample which was then kept at 4 °C in dark.
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2.4, Total Phenolic Content (TPC)

The cumulative phenolic content in leaves was assessed by employing the Folin-Ciocalteau method as documented
by Singleton et al. (1999). In this case, 1600 L of distilled water and 10 L of methanolic extracts were combined and
treated at 25°C for 5 min with 200 L of Folin-Ciocalteau reagent. For 30 minutes, the mixture was then kept in the dark
while being maintained at 25°C after 200 L of sodium carbonate (which was at 7.5%) was added. This was followed
by measurement of the TPC quantitates which was determined by reading the sample’s absorbance at 760 nm in a DB-
20/DB-20S UV/Visible spectrophotometer. TPC was calculated as mg gallic acid g* dry weight using gallic acid as an
external standard.

2.5. Total Flavonoid Content (TFC)

The AICI; colorimetric method was used to evaluate the TFC extracts. In brief, 150 L of NaNO3 (5% W/V) was
combined with 30 L of the leaves extract and incubated for 5 minutes. After this, 3 mL of aluminum chloride
hexahydrate (this was a 10% W/V solution) was added and it was incubated for another 5 minutes. Thereafter, the
mixture was dissolved to the desired concentration by addition of the enough mL of 1.0 M NaOH in deionized water.
The solution's absorbance was then evaluated using a spectrophotometer calibrated at 510 nm. This was done during a
30-minute incubation at 25°C in the darkness. The external standard for TFC quantification was Quercetin (QE), and
TFC was reported as mg QE g dry weight (Gayoso et al., 2016).

2.6. Radical Scavenging Activity (RSA)

By employing the colorimetric method reported by Brand-Williams et al. (1995), the RSA of samples was
measured. The combination of 2.0 mL of DPPH solution and 15 pL of methanolic extract was equilibrated for 30 min
at 20°C in the darkness. The solution's absorbance was evaluated at 517 nm. The DPPH inhibition was computed using
the following formula (Elshamy et al., 2018).

Inhibition (%) = [(Ab control — Ab sample) /Ab control] x 100 (Eq. 1)
Where Ab conrorand Ab sample are the respective absorbance of the control and the sample.
2.7. Superoxide Radical Scavenging Activity (SRSA)

For measurement SRSA (Jing et al., 1995), in 9 ml of 5 mM Tris-HCI (buffered at a pH of 8.2), 1 ml of extract was
added. Thereafter, 40 uL of 4.5 mM pyrogallol was added. After shaking for 3 min, the solution's absorption spectrum
at 420 nm was evaluated using a spectrophotometer. SRSA was then expressed by the oxidation degree of the test
group in relation to that of control. Equation 2 was used to determine the percentage of scavenging activity (Amiri et
al., 2018; Méabed et al., 2018).

SRSA (%) = [(AbO — Ab1/Abg)] X 100 (Eq. 2)

Where Ab, is the absorbance of the Tris-HCI buffered with pyrogallol whereas Ab; denote the absorbance of the
extract.

2.8. Nitric Oxide Radical Scavenging Activity (NORSA)

Griess Illovsoy reaction can be used to evaluate nitric oxide radical inhibition (Garrett, 1964). The Griess Illosvoy
reagent was altered by substituting naphthyl ethylene diamine dihydrochloride (this was a 0.1% wi/v solution) with 1-
napthylamine (5%). About 3 mL of a solution containing phosphate buffer saline (0.5 mL), sodium nitroprusside (10
mM, 2 mL), and Artemisia vulgaris extract (25 to 125 mg/mL), was incubated for 150 min at 25°C. After incubation,
1 mL of sulfanilic acid reagent (containing 20% glacial acetic acid) was mixed with 0.5 mL of the solution and left for
5 minutes to complete diazotization to take place. Before being left for 30 min at 25°C, 1 mL of naphthyl ethylene
diamine dihydrochloride was added and mixed thoroughly. In diffused light, a pinkish chromophore was observed.
Using a spectrophotometer, the absorbance (at 540 nm) of this solution was recorded in comparison to the
corresponding blank solutions. Equation 3 was then used to evaluate the radical inhibition of nitric oxide (Tripathy et
al., 2017).

NORSA (%) = [(Ab control — Ab sample) /Ab control] X 100 (Eq. 3)

Where Ab smple IS the absorbance that was recorded in the presence of the samples of the extracts or standards while
AD contral Was the absorbance from the control.
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2.9. Growth Parameters

The growth parameters that were assessed were plant height, herbage dry weight, and plant fresh weight at the full
flowering stage. Theses plant samples were oven-dried at 39°C to constant weight which was achieved after 48 hours.

2.10. Essential Oil (EO) and Essential Oil Yield (EOY)

Extraction of EO was done according to the method of distillation with water and using a Cloninger device. In
order to collect the essential oil, after opening the valve and draining the water, the essential oil was collected in a small
bottle that was weighed with a digital scale of 0.0001. Then these bottles were weighed and the weight of essential oil
per 100 grams of dry leaves was calculated (Adams et al., 2007). EQY was calculated using Equation 4.

EOY = EO X herbage dry weight (Eq. 4)
2.11. Gas Chromatographic-mass Spectrometric Analysis of Essential Oil

Using a Clevenger-type device, dried aerial portions of the plants were hydro-distilled for 3 hours in 500 mL water.
Gas Chromatography (GC) analysis was performed to distinguish different compounds in essential oil. The Hewlett
Packard 6890 N GC with FID detector and an HP 5MS 30 m by 0.25 mm by 0.25 um film thickness capillary column
was used for all GC examination. The temperature of the column was controlled to increase from 50°C to 150°C at a
frequency of 3°C min’. Temperatures rise were set at 220 °C and 290 °C for calibration of the injector and detector,
respectively. Helium was equally used as a carrier gas at a constant flow rate of 1 mL min’. Analyses of the gas
chromatography-mass spectrometry (GC/MS) were executed using mass selective detector (a Hewlett Packard 5973)-
6890 GC/MS system which was operating in the electron ionization structure with 70 eV ionization energy. This was
equipped with film thickness capillary column with dimensions of HP 5MS 30 m by 0.25 mm by 0.25 um. Here the
carrier gas used was He (1 mL min-'). The initial temperature of the column was set at 50 °C, with a gradual increase
in heat to 150 °C at a frequency of 3 °C min't. This temperature was maintained for 10 min after which it was escalated
to 250 °C min™. Thereafter, automatic injection of diluted of 1.0 pL of samples (1/100 in acetone, v/v) was done in the
spitless mode. The chemical substances identified in this research were identified by comparing their retention
durations and mass spectra to those derived from the Flavor 2. L, NIST98.L, and Wiley7n.1 spectral and literature
records (Pezzani et al., 2017; Sefeer et al., 2018). FID chromatograms were used to evaluate the relative percentages
of the separated substances.

2.12. Statistical Analysis

For this study, Info Stat software, version 2010 was used for data analysis. The standard deviations and means were
determined. To discover significant differences between means, ANOVA (analysis of variance) and the LSD (Fisher's
multiple range) test were used. Pearson's test was used to do the correlation analysis.

3. Results and Discussion

The various species of Origanum were significant for the total phenol, total flavonoid, DPPH radical
scavenging capacity, superoxide radicals scavenging capacity, nitric oxide radicals scavenging and chain-breaking
capacity, plant height, fresh weight, dry weights, essential oil, and essential oil yield (Table 3).

3.1. Total Phenolic Compounds (TPC)

The TPC forms a key diverse group of plant secondary metabolites which are linked to numerous
ecophysiological conditions. The TPC of Origanum species, determined by the Folin-Ciocalteau colorimetric
method, is shown in Table 4, which ranged from 36.21 to 51.12 mg GAE g* dry weight. For TPC, there were
considerable variances among the investigated species. The utmost and the lowermost TPC levels were observed
in O. vulgare subsp. hirtum and O. syriacum species, respectively. Comparing the results of this study with others
noted that TPC in Iranian Origanum species was 2 times higher compared to the same species collected under
Turkish conditions (Morshedloo et al., 2018; Raudone et al., 2018). Moghrovyan et al. (2019) demonstrated that
climate conditions affected the antioxidant activities and TPC contents. Changes in phenolic chemicals in various
species may be caused by genetic background and growth circumstances (Elshamy et al., 2018). Environmental
variables have a paramount influence on phenolic content (such as rainfall, soil compaosition, temperature, and UV
radiation) (Gayoso et al., 2018). Climate change, predators, disease invasion, nutritional restriction, and excessive
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irradiation can increase not only the reactive oxygen species (ROS) but also the free radicals (Ngugi et al., 2021).
This results in increased antioxidants in plants such as phenolic compounds (Marrelli et al., 2018; Koleva et al.,
2018). Itis widely presumed that an enzyme which is found in various plant species called phenylalanine ammonia-
lyase (PAL) functions as a prominent indicator of environmental stress factors in plants.

Table 3. The results of the analysis of variance for various Origanum species
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Block 2 125 040 042 3482 641 1382 5.56 5415 695.54 008 0003 17.81
Spggiaezum 4 87.72" 449~ 108.82" 330.14™ 1875 416.26™ 183953 307.65506" 28.102,64™ 4.07" 0.44™ 1.99939™
Error 8 1339 027 1371 1167 394 1049 412 1.773,16 285.89 023 002 94.05
C.V (%) 889 1092 7.42 10.16 1132 1143 3.19 955 12.23 1449 1342 1347

ns, * and ** show non-significance and significance at the p < 0.05 and p < 0.01 level, respectively.

Table 4. Total phenolic compounds of various Origanum species

Species
Compounds . . O. vulgare subsp. O. vulgare subsp.
P 0. majorana O. onites 0. syracum vulg uosp v g uobsp
vulgare hirtum
TPC (%) 41.12+0.56 43.22 +0.40 36.21+0.61 41.59+0.88 51.12 £0.32
TFC (%) 4.23 +0.25 4.43 +0.33 3.93+0.38 4.30+0.21 6.93 £0.44

3.2. Total Flavonoid Contents (TFC)

Flavonoids are plants' bioactive chemical components that can be identified in almost every part of the plant.
They are fundamental for floral coloration and fragrance, as well as for protecting plants from UV degradation.
Consequently, UV radiation significantly increases flavonoid synthesis (Moreno et al., 2018). There were
considerable differences among the investigated species for TFC. In this case, TFC of the five Origanum species
ranged from 3.93 (in O. syriacum) to 6.93 (in O. vulgare subsp. hirtum) mg QE g* dry weight (Table 4).
Differences among the Origanum species in TFC may be attributed to variances in the species' genetic background.
The results of the current study are in line with previous findings (Amiri et al., 2018; Méabed et al., 2018). Bonea
and Urecheam, (2018) determined that the flavonoid content of three Origanum species was around 2.14-4.29 mg
QE g* dry weight. These differences are presumed due to the plant genotype and their interaction with the local
climatic conditions.

3.3. Total Antioxidant Activity

There are several mechanisms used for measuring antioxidant activities. In the current project, the antioxidant
properties of the Origanum species were assessed using the DPPH method. The scavenging activity of DPPH
radicals in leaf extracts of these species ranged from 39.47 to 53.79% (Table 5). In the DPPH assay, the uppermost
antioxidant activity was noted in O. vulgare subsp. hirtum whereas the least activity by DPPH assay was obtained
in O. syriacum. Analogous results were found during the measurement of nitric oxide and superoxide antioxidant
activities. The O. vulgare subsp. hirtum species showed the highest nitric oxide and superoxide activity among all
species at 21.60% and 50.04% (Table 5).
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Table 5. Total antioxidant activity of different Origanum species

Species O. majorana O. onites O. syriacum O. vulgare subsp. O. vulgare
vulgare subsp. hirtum

DPPH (%) 50.56 £1.20 54.29 +£1.09 39.47 +£1.35 51.14 +0.99 53.79 +£1.17

Nitric oxide (%)  15.13 +0.05 16.62 £0.08 16.26 £0.04 18.05 £0.07 21.60 +0.04

Superoxide (%)  30.36 +£1.32  35.18 +1.56 21.29 £1.11 31.27 +£1.73 50.04 +£2.00

3.4. Plant height

The highest plant height (86.4 cm) was observed in O. vulgare subsp. hirtum. Also, O. vulgare subsp. Hirtum
and O. syriacum species had statistically similar effects on plant height. The lowest plant height (32.6 cm) was
obtained in O. majorana (Figure 2).
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Figure 2. Plant height of 5 Origanum species used in the current study
3.5. Plant fresh weight

The mean comparison for the Origanum species revealed that the highest plant fresh weight of 826 g was
obtained from O. onites, which did not differ significantly from O. vulgare subsp. hirtum species. The lowest one
(92 g) was obtained from the O. majorana species (Figure 3).
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Figure 3. Plant fresh weight of 5 Origanum species used in the current study
3.6. Dry weight

The highest dry weight (250 g) was observed in O. onites, Also, O. onites and O. vulgare subsp. hirtum species
had statistically similar effects on dry weights. The lowest dry weight (50 g) was obtained in O. majorana (Figure
4).
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Figure 4. Dry weights of 5 Origanum species used in the current study

Investigated subspecies differed in morphological traits (Figure 2, 3, 4). Obtained results indicate on significant
differences between examined Origanum subspecies and correspond well with the literature data (Weglarz et al.,
2020). However, it should be underlined that each subspecies is very variable itself and its morphological features
strongly depend on the population/accession origin (Kosakowska et al., 2019). Observed phenotypical plasticity
may be related to allogamous way of this plant’s reproduction as well as its heterozygous character. Traits such as
type of growth habit, lignification degree as well as branching, and foliar density can be important from the practical
viewpoint since they affect the yield of herbs and enable their mechanical harvest. In the present study, the plant
height, fresh and dry weight of Origanum herb species had a significant difference (Figure 2, 3, 4). Such results
may be related to the temperature requirements of Origanum herb species resulting from its origin (Weglarz et al.,
2020).

3.7. Essential Qil Percentage

The highest essential oil percentage was 5.26% (Figure 5), which was observed in O. vulgare subsp. hirtum
species. The lowest one (2.06%) was obtained from O. syriacum species, which did not differ significantly from
0. majorana, O. onites, and O. vulgare subsp. vulgare species (Figure 5).
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Figure 5. Essential oil percentage of 5 Origanum species used in the current study
3.8. Essential QOil Yield per Plant
The utmost EOY per plant was 1.71 g (Figure 6), which was obtained in O. vulgare subsp. Hirtum species.

The lowest one (0.66 g) was obtained from an O. syriacum species. Also, O. majorana, O. vulgare subsp. vulgare,
and O. onites species had statistically similar essential oil yields as that of O. syriacum species.
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Figure 6. Essential oil yield per plant of 5 Origanum species used in the current study
3.9. Essential Qil Yield per ha

Differences in the essential oil yield were observed in Origanum species in the present study. The lowest
essential oil yield (44 kg hat) was recorded in O. syriacum whereas the highest yield (114 kg ha') was observed
in O. vulgare subsp. hirtum (Figure 7).
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Figure 7. The yield of essential oil per hectare in different Origanum species

In Origanum subspecies (as well as in other Lamiaceae), glandular trichomes are multicellular epidermal
glands responsible for storage of essential oil. Two different types of these glands were recognized on the epidermis
of Origanum species: peltate and capitate glands (Weglarz et al., 2020). The glandular trichomes are built of one
basal cell, one stalk cell and a multi-cellular head, where essential oil is synthesized before being transferred to
subcuticular area (Kosakowska et al., 2019). Svidenko et al. (2018) claim that the location of glandular trichomes
have valuable taxonomical significance at the species level. In the present work, it is most likely due to the variable
formation of glandular trichomes among Origanum species, leading to differences in the amount of essential oil
(Figure 5, 6, 7). This pattern corresponds with studies undertaken earlier by Shafiee-Hajiabad et al., (2014).
However, the formation of glandular trichomes is variable and can be controlled by both genetic and environmental
factors (Kosakowska et al., 2019), It has led to a difference in the amount of essential oil. It is worth noting that
the relationship between the number of glandular trichomes and essential oil content has been found (Tables 4 and
5), what refers to results shown by Shafiee-Hajiabad et al. (2014).
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3.10. Principal Component Analysis (PCA)

The PCA for the assessed variables on essential oil, antioxidant compounds and quantitative traits for 5
Origanum species O. majorana, O. vulgare subsp. vulgare, O. syriacum, O. onites, and O. vulgare subsp. hirtum)
resulted in 67 and 21% variation being accounted for by the first (PC1) and second (PC2) principal components,
respectively (Figure 8). The variability in PC1 was mainly due to two groups of variables. The first one consisted
of the quantitative traits measured by O. onites species form a group characterized by plant height, plant fresh
weight, and plant dry weight. The second group consists of O. vulgare subsp. hirtum species, distinguished by
higher amounts of phenolic compounds, flavonoid contents, DPPH scavenging activity radical, nitric oxide,
superoxide, essential oil based on percentage, per hectare, and per plant. The second principal component (PC2)
was weighted by percentage biomass, and the projection of the variances based on the PCA revealed a significant
separation of this variable from the rest along the first axis.
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Figure 8. Principal component analysis of various origanum species
3.11. Cluster analysis

The results acquired from the cluster analysis indicated the presence of high inter-production variability in the
antioxidant compounds of various Origanum species. From the 5 production samples presented to a multivariate
evaluation, well-defined groups of antioxidant compounds were distinguished by using cluster analysis (Figure
9). According to the information, two subclusters were obtained: The first subset included three Origanum species
which were O. vulgare subsp. vulgare, O. majorana, and O. syriacum, and the second subset had two Origanum
species: O. onites, and O. vulgare subsp. hirtum.

3.12. Essential Qil Analysis

Various essential oil components were analyzed based on the GC-MS analysis. thymol (6.90-59.89%),
carvacrol (0.83-48.91%), y-terpinene (6.55-18.20%), p-cymene (0.50-20.94%) and a-terpinene (2.71-4.28%) were
the most prominent constituents in Origanum plants (Table 6). The uppermost level of Thymol was detected in
O.majorana and the lowest amount of it was obtained from O.vulgare-vulgare. The peak level of carvacrol
(48.91%) was noted in O. vulgare subsp. hirtum and the lowest amount of it (0.8%) was obtained from O. syriacum.
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Figure 9. Cluster analysis of 5 Origanum species

As per this study, the antioxidant properties and essential oil content of Origanum varied among species (Table
6). The density of oil glands involving plant tissues, alteration in the growing environment of plants as the plant
matures, and changing allocation of carbohydrates to plant development and growth rather than essential oil
synthesis could all cause alterations in essential oil composition. For instance, medicinal plants regulate essential
oil production and the attraction of pollinators while repelling herbivores and pests (Moghrovyan et al., 2019;
Pezzani et al., 2017). In our study, thymol and carvacrol were the most common component of the essential oil in
the O. majorana and O.vulgare subsp. hirtum, respectively. Other oregano species including O. vulgare
subsp.hirtum (Moreno et al., 2018), European O. vulgare (Duleti¢-Lausevi¢ et al., 2018), O. vulgare subsp.
glandulosum (Gayoso et al., 2018), O. vulgare (Pezzani et al., 2017) have similarly showed comparatively high
levels of carvacrol. The current study confirms that the highest level of carvacrol (48.91%) was obtained from O.
vulgare subsp. hirtum. Ramakrishna et al. (2019) found carvacrol as a dominant component in the essential oil of
O. vulgare subsp. hirtum. These findings show that the gene for carvacrol generation is preserved. The
monoterpenes, g-terpinene, p-cymene, and hydrocarbons operate as progenitors for thymol, and carvacrol thus
their rates reduce with an increase in the levels of carvacrol (Sefeer et al., 2018). It is known that many various
factors can affect the content and composition of essential oils in aromatic plants, where the most seem to be:
genetic, physiological and environmental including temperature, intensity of solar and radiation humidity (Weglarz
et al., 2020).

4. Conclusions

The present study investigated the phytochemical properties of five species (Origanum species including
O.majorana, O. syriacum, O. onites, O. vulgare subsp. vulgare and O. vulgare subsp. hirtum) of marjoram
(Origanum majorana L.) an important ethnomedicinal plant. Total phenolic compounds, total flavonoid content,
total antioxidant activity, and essential oil compounds were determined. The qualitative analysis showed the
highest (240 g) dry weight of O. vulgare subsp. hirtum and O. onites species in comparison with others. The
quantitative analysis revealed the higher content of total phenol (51.12%), flavonoid (6.93%), DPPH (54.29%),
superoxide (50.04%) and radical scavenging activity in O. vulgare subsp. hirtum species, but the O. onites showed
higher (21.60%) nitric oxide radical scavenging activity. The essential oil analysis revealed that the thymol (6.90-
59.89%), carvacrol (0.83-48.91%), y-terpinene (6.55-18.20%), p-cymene (0.50-20.94%) and a-terpinene (2.71-
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4.28%) were the most prominent constituents in Origanum plants. Cluster analysis showed two main categories
and high similarity between O. vulgare subsp. hirtum and O. onites. In conclusion, the O. vulgare subsp. hirtum
was the best species in terms of phytochemical constituents.

Table 6. Different compounds of essential oil in various Origanum species.

Peak area ((%0)
Component O. majorana O. onites  O. syriacum O. vulgare 0. vulgare
subsp. vulgare subsp. hirtum

a-phellandrene 1.29 141 1.17 0.27 1.35
a-pinene 0.52 0.74 0.68 0.45 0.66
sabinene - - - 3.47 -
1-octen-3-ol 0.47 0.44 - - 0.24
myrcene 1.77 1.57 1.50 1.22 1.47
3-octanol - 0.39 - - -
0-3-carene 0.37 0.35 0.50 - 0.30
a-terpinene 3.82 4.28 2.71 3.79 2.78
p-cymene 11.99 20.94 15.52 0.50 10.69
cyclohexene 0.65 0.63 - 1.28 -
beta-Pinene - - - 0.29 0.46
eucalyptol - - - 0.26 -
y-terpinene 11.65 15.55 18.20 6.55 8.18
trans-sabinene hydrate - 0.70 - 4.32 0.26
terpinolene - - - 1.49 -
cis-sabinene hydrate - - - 36.38 -
isoborneol 0.61 - 0.56 0.44 0.40
terpinen-4-ol 1.04 0.64 0.43 16.12 0.77
alpha-Terpineol - - - 5.40 -
carvacrol methyl ether - - 3.63 - 2.05
tricyclene - - - 2.27 -
thymol 59.89 43.24 51.55 6.90 19.26
Carvacrol 3.55 8.38 0.83 1.76 48.91
[-caryophyllene 1.88 0.76 1.58 1.35 1.77
b-bisabolene 0.51 - 1.14 - 0.43
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